To study a novel penile reinnervation technique using four sural nerve grafts and end-to-side neurorraphies connecting bilaterally the femoral nerve and the cavernous corpus and the femoral nerve and the dorsal penile nerves.
Introduction
Radical prostatectomy (RP) [1] remains an important cause of erectile dysfunction (ED) [2, 3] and despite the increasing use of modern techniques such as laparoscopy and robotic surgery, a similar incidence of dysfunction has been reported [4, 5] .
Nerve grafts aimed at penile reinnervation during RP have had controversial results [6] [7] [8] [9] [10] [11] . No penile reinnervation techniques for the months after RP have been described in the literature, with patients who have not responded to phosphodiesterase-5 inhibitors having to choose between intracavernous injections or penile prostheses, which, although having been reported as moderately satisfactory, are still associated with numerous complications [12] [13] [14] .
Based on the brain plasticity principle and neurotization technique, this study aimed to develop a novel penile reinnervation technique using four sural nerve grafts and end-to-side neurorraphies connecting bilaterally the femoral nerve and the cavernous corpus and the femoral nerve and the dorsal penile nerves.
Patients and Methods
The Brazilian National Commission on Ethics and Research approved this study. The inclusion criteria for patients in this study were: age 40-70 years; presence of normal sexual activity prior to RP; and no sexual intercourse after RP for a period of ≥2 years. The exclusion criteria were: presence of comorbidities such as diabetes, hormonal irregularities of the hypothalamic pituitary-adrenal-gonadal axes, liver dysfunction, renal disease and severe haematological disorders; contraindication for general anaesthesia; ED prior to RP; preserved erectile function after RP, with or without the use of phosphodiesterase-5 inhibitors; and anatomical deformities of the penis that could compromise erection.
A total of 10 patients underwent reinnervation in the present study. They were recruited between March 2011 and March 2013, had a mean (AE SD; range) age of 60.3 (AE 4.8; 54-68) years and had undergone RP at least 2 years previously.
Four patients had undergone radiotherapy after RP, while one had been on an androgen deprivation regimen for the preceding 2 years.
Prior to surgery, a physical examination was carried out, the International Index of Erectile Function (IIEF) questionnaire was administered and pharmaco-penile Doppler ultrasonography (PPDU) was performed. PPDU was performed using the Philips HD7 equipment [15] at high frequency (3-12 Mhz) with a papaverine-induced (50 mg) erection, with values obtained after 5, 10 and 15 min. After surgery, the patients where reassessed at 6, 12 and 18 months using PPDU and IIEF results [16] . Patients were evaluated using the Clinical Evolution of Erectile Function (CEEF) questionnaire after 36 months, with regard to changes in penile function over time in terms of nocturnal erections, penile engorgement, start of flaccid, semi-rigid and rigid erections, the moment of first penetration and frequency of sexual intercourse.
The following measurements and evaluations were performed during PPDU: (i) corpus cavernosum; (ii) tunica albuginea; (iii) diameter of the left and right cavernous arteries; and (iv) vascular flow characterized by measurements of peak systolic velocity (PSV, in cm/s), minimum diastolic velocity (MDV, in cm/s) and resistance index (RI) as calculated by the formula: PSV -MDV/PSV. 
Surgical Technique
The surgery involved bridging of the femoral nerve to the dorsal nerve of the penis and the corpus cavernosum (Fig. 1) . Sural nerve grafts were resected from both limbs and divided into two equal parts.
A 4-cm semicircular incision was performed at the base of the penis, in addition to bilateral 4-cm incisions located 1 cm below the inguinal ligament (Fig. 2 ). Viterbo's blunt dissectors [17] were used to identify and dissect the subcutaneous tissue and penile ligament. The dorsum and both lateral surfaces of the penile base were then exposed, allowing visualization of both the corpus cavernosum and dorsal nerves of the penis. The femoral (Fig. 3 ) and dorsal nerve of the penis were then dissected using 3.59 loupes.
Crawford forceps were passed under the skin from the inguinal to the penile incision, grasping the two nerve grafts at their distal part. After creating a window in the epineurium, the nerves were sutured laterally to the femoral nerve using four simple 6-0 monofilament nylon sutures (Fig. 4 ). The same procedure was then performed on the other side.
At the base of the dorsal penis, one nerve was introduced into the corpus cavernosum, bilaterally, to produce a direct neurotization. For this procedure, two incisions of 5 mm were made, 15 mm apart, at the lateral surface of the penile . The distal albuginea incisions were closed with a 4-0 nylon monofilament, while the proximal albuginea incisions were only partially closed to avoid compression of the nerve graft. One of the grafts was then sutured to the lateral face of the dorsal nerve of the penis with two simple 8-0 monofilament nylon sutures, without the need to remove a window of the epineurium (Fig. 8) .
The procedure was then repeated on the contralateral side. The skin incisions were closed with 5-0 mononylon sutures.
All patients were discharged between 1 and 3 days after surgery. PSV, MDV and RI were compared at baseline, 6, 12 and 18 months, with separate analyses for the right and left side at each time period (Table 2) .
The IIEF and PPDU data were submitted to ANOVA, as well as comparison between time periods using the Tukey test [18] , with P values <0.05 taken to indicate statistical signficance. 
Results
The IIEF baseline scores for ED differed from those at 12 and 18 months. There were no significant differences between baseline and 6-month follow-up, or between 12-and 18-month follow-ups (Table 1) .
No significant difference was observed for orgasm satisfaction at any time point. Regarding satisfaction with intercourse, a significant difference was observed between 18 months and baseline, 6 and 12 months. No difference was observed between baseline and 6 or 12 months.
No significant difference was observed for sexual desire at any time point. When considering general satisfaction, a difference was observed between baseline and 6, 12 and 18 months. However, 6, 12 and 18 months time points did not differ significantly between them.
The PPDU velocities evaluation did not show any difference either between the right and left sides or among the different study time points. This test also demonstrated an absence of atrophy and fibrosis of the corpus cavernosum at any of the four time points (Table 2) .
Regarding CEEF, nocturnal erections and the beginning of penile engorgement occurred after a mean of 2.7 months ( Table 3 ). The onset of flaccid erections started on average 5.1 months postoperatively, while the start of semi-rigid erections began after 8.5 months. The onset of rigid erections occurred on average after 9.9 months. Sexual intercourse began after an average of 13.7 months, with frequency of sexual intercourse varying from once daily to once monthly (Table 3) .
Acute complications were minimal, with only small areas of anaesthesia and hyperaesthesia being reported on the anterolateral thigh in two cases, both of which resolved spontaneously. All patients presented anaesthesia at the lateral aspect of the feet, which was a predictable consequence of sural nerve harvesting. One patient had a distal neuroma in the sural nerve ending and underwent resection of the said neuroma, with subsequent disappearance of pain.
Discussion
The most physiological treatment for ED currently available are phosphodiesterase-5 inhibitors. Unfortunately, after RP these medications are not always effective, owing to resultant nerve lesions [19, 20] . Other non-physiological treatments, such as intracavernous injectable drugs [12] , vacuum pumps and penile prostheses [13, 14] may cause significant morbidity, with injectable drugs causing pain at the injection site, priapism and fibrosis of the corpus cavernosum [12] , while silicone implants may cause pain, infection, extrusion and penile necrosis [13, 14] .
The penile reinnervation techniques currently in use are usually performed at the time of prostatectomy, with nerve grafts and end-to-end neurorraphies, joining the proximal to the distal stumps of the cavernous nerves. This procedure leads to an increase in the surgical time and to unsatisfactory results, possibly because of the difficulty in the identification of the proximal and distal stumps of the neurovascular bundles. In addition, the situated grafts may be damaged if adjuvant or salvage radiotherapy are required [6] [7] [8] [9] [10] [11] . Attempting to reinnervate the cavernous nerves in the prostatic area at a later date using nerve grafts may be not recommended because of fibrosis and anatomical changes in the pelvic region, induced by RP and radiotherapy.
In the present study, the femoral nerve of the inguinal region was chosen because of its proximity to the base of the penis, its diameter, the fact that it has an adequate number of axons, and because it contains both motor and sensory fibres. It is important to highlight that the neurotransmitter acetylcholine is liberated by both nerves: the femoral nerve (somatic nervous system) and the cavernous nerves (parasympathetic nervous system). In addition, acetylcholine is the trigger required in the mechanism of penile erection, mediated by the synthesis of nitric oxide [21, 22] . The release of this neurotransmitter by the newly formed fibres inside the neurograft, developed in the corpora cavernosa re-establishes the neurological stimulus that was interrupted after the damage to the neurovascular bundles.
Brain plasticity [23] is an important factor that explains the results obtained with this new surgical technique, whereby 60% of patients were able to achieve full penetration and 40% partial erection. Brain plasticity is the key to the establishment of functional communications between nerve receptor centres receiving sensitive stimuli, originating in the genitals, currently mediated by femoral nerve sensory fibres (mixed nerve) and the central nerve centres, responsible for consciousness and the onset of complex neurological, vascular and psychosexual mechanisms of erectile function.
Side-to-end neurorraphy [24] [25] [26] allows the use of the femoral nerve as the donor, as it provides budding or sprouting of the donor nerve axons without jeopardizing them or causing functional damage.
In the present study, the use of two nerve grafts to both corpora cavernosa were an attempt to achieve the largest number of axons to reach the smooth muscle fibres of this structure.
End-to-side neurorraphy between the femoral nerve and the dorsal nerve of the penis was performed with the aim of improving sensitivity of the glans, as well as strengthening the pre-existent sensory-motor connections between this nerve and the cavernous nerve fibres [27, 28] .
Despite four patients not achieving penetration after 3 years after reinnervation surgery, all developed flaccid or semi-rigid erections, suggesting that partial reinnervation occurred.
The IIEF results showed that penile reinervation was effective for the return of lasting erectile function because there was a significant increase in score between baseline (preoperative) and 12 and 18 months. These results were corroborated by the CEEF, which showed that penetration occurred on average after 13.7 months.
There was also a significant improvement in satisfaction with intercourse at 18 months. In addition, there was a significant improvement in general satisfaction at 6 months, which remained at 12 and 18 months. Once again these findings are consistent with the CEEF, as all patients were able to achieve at least flaccid erections after 6 months; this provided a positive expectation with regard to surgical outcome and psychological development. In terms of orgasm satisfaction and sexual desire, as expected, no significant difference was observed at any time as these two factors are not influenced by RP [29] .
Overall, the present data confirm that penile reinnervation surgery was efficient in the treatment of ED. A minimum of The preoperative PPDU results showed that the patients had a vascular pattern within the normal ranges, which enforces the neural aetiopathogenesis of ED for the presented cases. Another important aspect that was confirmed by PPDU was the fact that the introduction of nerve grafts did not cause fibrosis of the corpus cavernosum nor reduce penile vascular flow.
It is noteworthy that visual stimuli with erotic content also triggers the onset of erectile function; therefore, after penile reinnervation, patients should aim for sexual stimulation with their partners in order to improve and hasten the formation of intra-cerebral connections provided by brain plasticity.
The new technique described has many advantages, including the fact that a physiological erection is obtained and that it does not require access to the abdominal cavity. The technique promotes a short hospital stay and fast recovery and does not hinder the subsequent use of prostheses in the case of an unsatisfactory result.
In conclusion, 60% of patients were able to achieve full penetration, on average, 13 months after reinnervation surgery. Patients previously submitted to radiotherapy had slower recuperation of erectile function.
Penile reinnervation surgery is a viable and safe technique, with effective results and offers a new treatment option for ED after RP. These preliminary data were obtained in a small number of patients and further clinical trials are required to confirm our results. 
